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SUPERSONIC VELQCITY

Abstruct

A form of representation of the drag curve at supersonic velocity
is suggested, Only two unknown constants are required for each shell,
hence firings at two velocities fix the function, For the case of a
conical head and square base, the problem can be reduced to one constant,

Good experimentsl confirnation is found,
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Ihe paper is coucerned wlith presenting several comments
on the st.te of Kuowledge of tine generuzl form of the Mach numbter,
drag coeflicicent relution., In particular the discussion centers
sbout an enplrical parameter which has been found extremely useful
for interpreting retardation datu and for extrapclating bsyond the
range covered by experiments to date. Unfortunctely, exterior
baliistice Lo still gquite in the stage of relying on empiricsally
vetermins-d parametersi consequentiy it is highly desirable to
obtain as much informaztion as to the underlying physical picture
&8 possible Irom each parwmeter which seeums to"work" in allowing
a wiie runge of interpolation or extrapolation to be bused upon
severzl measures of 1ts vaiue. One such parameter seems to pe
winaet thie autior has called the { factor, where ¢ = fi + KDMQ

with 4 the HMach number and K, defined by the foerce eguation:
D 3

= - K pd®v*

D
wnere p, d, v, ' are alr density, body <iameter, velocity, and

alr resistunce respectively.. The significance of ¢ is that for a
great many wrojectile shapes the { curve is virtuslly linear in

M apove a certain Mach number, thereby reducing the drag function
to a function of Just two parameters:and thus greatly simplifying
its determination. rurther, in tne case of a square based coniczl
headed shell 1l 1s possible to predict the slope of the 3, M
relation, reducing the drag function to one unknown parameter.

A. General biscussion of the Drag function at Supersonic
Velocity

pesicully there are three groups of people interested in
the form of & drag function; the theoreticisn, experimental
bazllistician, and the firing table computer. 211 hove the same
immediate end, ascertaining the action. of the air upon a body
moving tnrough 1t, but quite aifferent ulterior motives.

L. The firing table computer has an objective which is
the most immediately obvious, an engineering problem to hit &

tlven target. lor this he can of course proceed purely empirically,

firing every runge, powder charge, and elevation. Such a pro-
cedure is teaious, so he tarns to mathematical experiment and
computes a trajectory. For thls, data on the velocity dependence

of the drag 1s necessary. The history of the attempts to formulute

the provlem theoretically is well knownj slso the final necessity
to turn to empirical determination of the drag.®* The lust effort
along the enulytic representation was that using the Mavevski
proposal of representimg. . the drag as proportional to a power
ol the velocity with power and proportionality factor nolding
only over limited velocity zones; the exponent decreasing as the
velocity increased. While this representation 1s not now in use,

* Cfe Crans~ipllistik, V1 or uayes, klements of Crdnance, Chmp. X.
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recentty 1t ies Jeen noted#® Lot KD for some bullets 1s well
i L
represented by M e in some supsrsonic regions, toe so-culled

"3/2% law. Tnis gives, of course, an asyuptotic value of O ror
KU 88 Moo . &0 long as wne computer can work with sccurate
gets pertalning to his particuler shell, and in the region
covered by tne dsta, nhe 1s reascnably safe. Unlortunately, how-
ever, tiue relation vetween anta and working region often becoues
conrused, znd lgnorunce s to tne pnysical nature ol tne drag
curve becomes embarrassing.

a. oSometimes tne accuracy of tne dats i1s such #s to
lesve consicerable aoubt ss to tne form ol tne curvey o good
example 1s tie determination of J,. Fig. 1 snows two curves
with uata obvained from the ssme “shell, determined severzl years

spart.

L. Sometimes the wrong saell is used in tile experi-
mentel work. Fixing the arug curve then becomes very cifficult.
rig. < shows tac experimental points which were usew to ceteoraine
Jo¥¥, Toe early points were ior thne correct snell, ina seemed
16 lie velow tne overlapping polints for tne second snell, and so
zpparently the curve wapr made to puss telow tne expirimentsl
points. Tnus wuile J, is a perfectly well-defined urag function,
tne snell whicn it represents is open to conjecture. Such &
point is necessary to realize wien considering thie drag tunction
torm.

¢. Occwsionally 1t is recuested tost firving tivles be

extenued to muzzle velocities nigner tnan tnose covered vy enist-
ing functicns «nd witnout benefit o) rurtuaer {irings. Silnce
this reculres extrapolation orf the arag function, considersileo
cifficulty 1o experienced. Such & revision of seversl of :
stancard drag functions is now underway in the computing cranch.
Conciderable cifficulty was found in vworking with such [uncrions
&s J., where the lunction never gid go througn sny experiaentel
poinés; tne autoor suggested the linearity of the ( function azs
provicing both «n asymptotic value ifor K% and a rough rormy it
is understood tavt tnis is veing at lezs¥ partially useq.
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. The tnzoretician nes been concerned with tie problen
of alr resistance lJor o long tiwme as being one of toe "bagic"
probicns resenting iteelf whrmever motlon in & non-vacuuwn is
considered. It is not proposed to discusgs fally the theorctical
aspects of the problem here; il excellent nistoricul summary 1s
given in Juranc-terodynsuic iheory. veol. 1; thoe mathenatical aspects
are :iven in Lerwan- Problem of resistunce in compressible fiuide,
Proceedings of vV volta Congress, home 1926; and a good, direct
sumnal'y from the point of view of the ballistician is given by
sirghoeff i J.RL F@yO“t 4h2. The last ceems to the author a bit
pessimistic in some spots concerning the posslbility of predicting
drarn; and oligotly m1°lt ading in others such as tie gsection in
wnilch 1t ic stuted that o good physicel reuson tor thic decrease of
drug coefficiznt witi veleclty ot supcrscenic veloclty hag never
bean yiven, wat 1§ on (ae wnole o good summary. That wiich is of
note 8o lfar as the theoreticsl work goes is the predictions ac to
tiie form of tia: drog function Trom the small blt of theoretical
work existing. Laslculiy, this concists of two parts only; the
work frow Lne so-celled llnearized Lheory snere the inflasace of
the shock waVe 1o neglected cau hence can hold only Jor projectiles
of very scute ogive siid for moderste velocity; and the Ilow pusi an
infinite cone shere a shock 1s ascumed at the oulsel snu & competicic
solution for the flow between it wna the shell surfuace found., The
first »es developed Ly Xarian wnd Moore and the lust by Teyior and
Macecoll; although some modificutions npave been mude Lo eachi.¥#  Hoth
of these give o decreacging [uncilion of KD ve M; the latter exact

solution coving on asymptotic velue for the high velocilty =ud; tho

former spproxivtete solution gives & seaewhat higher rate of decrsase

of Ko #ith 14, tending to a zero vasue, while the conical solution
does”not pive an un(thLc solution ior the KU’M redition; sn

Ly proximete reprecentation 0 the s20CK angle shich works very weld
sbove M» aun cone angles> 109 is

- - x+l Y L
sin Gw ] sin QS + e

where av, 6. ure shock and cone semi-angle respectively. The
¥ w

drag coafficient i1z very eurly proporticusl to the product g sinaaw
gnere ¢ gilves the pressure rise froem shock to sinell surfuce.,
¢ first rises vwitn M then falls to a constant value of

tor alr with = ..40%
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the contributicn of skin frictioa to the form of the drag

curve i: lergely unknovwn; existing knowledge comes from a few

estimates from spin deceleration measures ond on values carried

over from subsonic experiment at egulvalent Reynolds numbers.

An anzlysis hus been made by Cope* indicating that for the laminar

case loncompressible fluid tneory furnishes a fair first approxi-

. mation while the turbulent coefficient reguires considerztion of
compressibility efrects,

[N

. Conditions at the base zre even less well known, Methods for

computing the flow arcund the corner of pasge und boat-tall have

been given by Ferrari*® Unfortunately the models fired to date

at the phi where the drag and physical measurements have been

known well enough to carry out the calculation have the complication

of a Talrly large rotating band which makes unknown the velue of

the velocity before the bost-tail. (ne remark, however, is perti~
- nentj;the too frequ ntly made assumption that base and head drag

are independent can possibly lead to guite erroneous conclusions

when one states that base is independent of hezsd rather than head

of base. “The fuct seems guite obvious when one considers that the

pressure change in the expansion sround the body-shoulder and

agaln at the boat-tail depend on the velocity at the ogive surfacej

the error seems nonetheless & not uncommon one in the discussion

of shell design and performance. In general, then ,the cone case

can serve as & gulde to the general form of drag ifunctlonm,giving

an asymptotic valae of K, greater than zero; aside from this

the theory 1is yet to be Heveloped.

3., The experimentsl ballistician is concerned with the
form of the drag functlon from two standpoints; one in the deter-
mination of the drag curve {or the computer; and the other in regard
to snell design where a comparison of two shells 1s desired.

Modern determinations of the drag coefficient,KD, consist

placed several (sometning greater than three) timing stations of
one kind or znother. [he drag function is built up by firing a
number of rounds &t various muzzle velocities; each round fixing
one«point on the. drag curve.. Oyer thie .short base line, the
trajectory cun be kept quite flat; «nd if the launching conditions
could be made perfect, one could forget the angular motlon ol the
projectile und contine himself to the translutory portion. In
such a case the zero point drag rfunction, 1.e. without yaw, becomes
eeslly ceterminate from the firings, and the effect of yaw can
then be determined at azny or all desired portions of the curve
by disturbing the launching conditions. In practice, however,
only very rerely are conditions such that rounds having zero
yaw are frired; particularly is this true in the firings carried
out in the aercdynamics runge where the aceuracy in drag measures .
i1s well within the one per cent mark, so that yaws which would be
inapprecizble in effect under more crude measuring conditions, here

- show up markedly. &o one is faced with the problem of determining

; both the ef{fect of vaw and the zero point curve from which this
‘ effec
ﬁiﬁ RTTR H

¥

essentially of firing over a sihort base lineg along which are

t is to be measured. The general procedure has been to filre
Aegiﬁgwnggnﬁgwgt as nearly tne same velocity zs possible,
ot
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iaplies K. is an inverse quadratic in M, In view of inhe previoucs
4

discussion on tae form ol tThe curve to bg expected ifrem wshat uvieory
tnere wasS Such & variance is quite rewsonable. The only recstriction
introduced by using the ¢ Uit is thuet tie number of free parameters
is reduced [from three to two. Just for thls reason it 1s especially
useful for small veloclty corrections, when tie drag nus bLeen
measured at only two or three points. [or more generality, the
cuadratic fit to K. itself may, of course, be substituted. (ne
point stionld um “oVeQ, and that is {ihe obvious fuct tﬂdt this

actor tends of Ltself to smooth any Jdispersion in h at the low

i

veleclty enc. Foughly, @ smsall change in K ”b is aoout halved in the

quantity -1 in tnig region. on ihe other hand, however, the
situation is reversed and 4 mopnifies the error inm the nigh velocity
end, (dince the accuracy of meusurs is lildely to be somewhat vetter
at tite lower velocity end, thic effect is cpposite to thal wiich
would be desired so fur as spocthing:parameter is concerned),

This represeatation was then appiled to u number of resistance
functions for vhlch the experimentel polnts were knosn., [he
reprerenLutlou was quite £oot; SO uhe method wrg adopted tentutively
in the analysis of tie Tirin, s zarricd out in the asrodyacanics ronge.
Lo far tne resucts have been very satisfuctory. The process consists
gimply in .cking several polnts 01 tue smuilest yaw oblainabire,
wnd deteraining toe §, 8 relation over tue region covered.  he
polits are then corrected wlong tue line to & common velocity, &nd
the vavn-urag ¢ffect then removes, & fi0 of the zero-peoints “las
determined for ch: total number of velcolty groups can te used L.
correct trna .ocel ( vurves, or tlne over:ll curve if suchk wis Jirod
letarm.ned. Il nac: been found, hhwEJEP, tazl tne lrst velo 1ty
corrertion wes sulfticlent, provided iv was not made over tow
extenceu ¢ veloclty range (gay, less then 10D ft/sec.).

fo G racror - lepruscat: Lied.

L. Iln fizzs. 7 - 1¢ Te glied o compericen oL peproso g L lone
e YL svoers Ln ¢ range of n. TS ; vs 4, fle data LIVe s s of Lwo
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(1920~36). . The aata for the mrltish snell without boat-tall
is guite consistent; the other shows considerable scattep;whiqh
was not explainegd in ghe, rdpori descrlbiﬁg the fir;gﬁ :
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It is worthwhiile to consider the J8 functlon in somewhat
greater detsil. The results apon which this funetion is based
are described in BARC 43/01; and the function was intended by
them to serve as a standuard resistance law for & modern stream-
iined projectile having a squure base and ogival head. For this
purpose considerable effort was nwde to represent the experimental
points by en emplrical, snalytic expression, For the region
above the velocity of sound, i.e. M»1.0 and supposedly holding
to M< 4.4v, the expressicon given is:

£, () = 2.136877400 M7°7 ~6.825293000 M%7 + 7.644594000 w4

L2 ATOLRLO00 M7 4 0. 452137000 MO0 4 1.071%40000°

S0.3T4350000 4+ 0.051250000 M ~ 0.000090000 M

12 16 =56, 80

+2.165000000.10 560000000. 1072 840+2:,0000000007107

ghere this formula was made to have second order contact at M = 10
with a corresponding one for the subsonic cese; and the large
number of filgures are carried Tor this reason. In setting up the
expression, the shope dfn wvas made zero at M = 4.46, (f" is based

aM
on the radilus rather then the diameter as in X, hmnC( fg = AKD.)

This formula is undoubtedly very useful in representing the
experimental data, and for computing purroses, but does not give
much of & tangiple idea as to the physical form of the drag
coefficient. As am interesting comparison, the results using the
f fit snd this representation are compared in Figs. 16 and 17.
for the region above M = 1.4, the polnt below which the (
representation starts to curve. For simplicity the results are
presented in the two graphs,the experimental points. being present
on each., The britisn curve wags lifted bodily freod BARCT LD /ﬂ¢, it
peing qulte laborious to replot the curve from the expression
given above. For the same reason no residuals are computed for
the fit of the deta by the curve. For the ¢ representation,
uowever, the standard deviation of a slngle observation is .002 in

In view of the apparent scatter of the points, the representation
dges not seem to be too bad. As the Mach number decresses, so slso
of course does the accuracy of the representation, for the actual
K,, curve bends off while the { representation gives im general
a“continued rise. The Briticsh experimental points dnd those
used in the present calculations will be seen to differ slightly.
No tabulation of these points was available to the author, so they
were read from a small scale graph on which J8 was plotted, some error
beiny introduced in the process. This graph was not that in ZARC 42/01
and apparently several mean points have been used in thie latter.
In general, however, the comparison should be bood for ilidstrating
the { factor.
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The results of the § representation of the standard drag
coefficient functions are given in table [, from: the relation
Q = a + bM the a and b values are listed. For the functions J
end J5, where two types of projectiles were used, both types
are given together with the gtendard deviation in bj the results
using both types together is also given. It 1s seen that to the
significance ol the data, there is no difference between the

. shells for J2; bul an appreciable difference for J5 in spite of

the very low accuracy ol the results. As remarked in the footnote
on page 2, the close resemblance between the two shells mskes s0
large & difference curlous; but since there was only & limited
veloclity range covered by filrings ¢f both types, and the dis-
persion so high, not much can be gained by speculation.

2. To show & typical cuse using data obtained with more
accurate modern equipment tins results from a recent program fired

in the serodynamics range are givens The shell was & model ol a

proposed 90-75mm subot type shell. The case 1s somewhat unusual
in some respects but clearly iilustrates the use and accuracy
of the § factor for a shell of simple shape. This design has a

pointed condé¢al head, half-angle = 12?1, and & cylindrical afterboedy

in two lengths. Cf. #igure 19.:7 . .« - . 'Ihe shell had

& high stability factor,~5.5; consequently an unusually high number
of rounds with negligible yaw («1° maximum yaw) were obtained.
Combined with the circumstances that while the firings covered the
range M = <M = 3 very few rounds had velocities nearly the sane,
& somewhat different reduction procedure was used. The rounds of
zero yaw were used to fix the zero curve, computed vy use of the Q
factor; and the yaw eflect then computed by assuming that KL Wa s

independent of velocity. Apparently the supposition was Jusﬁified
for the results show very little dispersion. fThese are given in
Tgble 2 and Fig. 18. 7The first of these, 2a, gives M, Q, KD for

the zero yaw casej; subscripts 0 and ¢ denote observed and computed,
The latter results from computing vack from the constants of the §
stratght line fit of ¢, M by least squares to the O points. Ihe
second Zb glves the data for the shells: with yaw., Three things
should be noted.

(1) The K, values computed on the basis of rotating band
rather than body diﬁmeter seemed to fit the observations better,
and so were used.

(2) The ¢, M curve determined from the short body shell
alone seemed to work esqually well on the longer body, so all polints
were used in the {inal solution. (For comments on the program,
whose main result was the effect of body length on various of

the aerodynamic coefflcients, see BRL ).
AK
(3) For the yaw representation, the gquantity ﬂKQw- % was
D

plotted versus ©2 where OK;, 1s the difference between observed
and computed hD, and X is the length of the shell divided by the
length of the shorter shell and 1s intended to take into account
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the greater projected wurea of tae longer shell for u non-zero yaw.
the representation will be seen to Le extrenmely good; the largest

KU residual le seen to be 002 for both zero and non-zero yaw

cause corrected for yuw. ‘This amounts to wbout .00lL standard
deviation in £, or siightly less tnen 19.

3. L8 nas peen mentioned the great recommendation of the
0 factor from tne physilcal point of view lies in its prediction
of an uasyamptotic, non-zero, positive value for K.; thereby agree-
ing with tne Little thecry extaat. The implicat?on should not
be taken, thut there should come & point at which the asymplotic
K~ is rewcned; on the contrary 1t is culte obvious that additional
iKteraction vetwesn body and {iuid tekes place when the velccities
anproscn, suay, tnose of meteors, Neglect of wvariance of vy, of
the effect ol heat conduction, etc. all must enter at velcocitles
which are hiph in the ballistic cuse but ressonably low relative
to meteoric wvelocities., In the supersonic range of balliistic
concern, however, § should furnish a very convenient guide for use
in comparing projectiles. 1In fact, &t the risk of further muidling
the alresdy vulte contused picture of ballistic terminology, it
might be suggested that the term "form factor" in its present use
where 1t refers 1o the ratio of two drag functions und usaully
anounts to nothing more then an empiricel fix factor which varies
with velocity, be replaced by the slope and intercept of the &, M
relation as giving more physicually meanful perumeters., From the
foregoiny ciscussion -né results 1t would in general appewr possible
to completely descriove the drag coeifficlent by firing at two
velocities., Furtnermore, since the flow past a cone can ve com-
puted theorcticully, and one would expect the head pressure to be
the chi=f Tuctor ultimutely, coupariscn of calculation with firings
of & projectile with conicul head should be nighly interzsiing;
for assuning the lLacory 1s capeble of predicting the weymptotlic
drag there remeins only the onge unknown parameter.

for tnis computation dats is had for cylindrical based
projectiles having conicel heads of 12°, «0°, 30°, seml-vertex
angle zc reported by the British in oARC 43/153, and data concern-
ing 12%1 end 9952 cones from the aerodynamics range at the 0L,
No desceriptions of the Lritish projectiles wers available otlher
than tnat they were 40mm caliber. Drawings of the pBEL shells
are given 1in Flg. 19. As stated, the results for the 1L°%1 cone
already discucsed were bused on the bun. diameter. Those for
the 9957 cone were, hosever, based on lhe body and in lae absence
of specific lnformation it is expected so &lso were the Briticsh
results. fo several of the 1291 projectiles having the same
body dlameter were used to determine a ¢, M relation bused on
tody diameter., For the ccaputaticns only those points were used
for which the flow behind the shock wave 1s everywhere supersonic.
For the 10°, 725, 1291 cuses this 1ls no restricticn since this
ig true for M » 1.4 for toe 20° znd 20° cuges Tae polnts are
My i.3 and l.oo respectively. The resuits are ilsted pelow ay LKU

C

and IKD shiere theee refer to culculated irom the expreszion
e

*BRL. Report No. 483.
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’ 2 s 2 - — b - 2
K. = E( —~7 ) X sin®e_ = .8<54 sin~o
Dlimiting % 1 + %gg_ ® >

for wir, y= 1.405

and observed as determined from b? in the Q = a + bM relsation.

Cone 8 K, A LB H®

s L QC L DO L DO
9.43 0220 L0171 LOL78
L0 L0249 L0200 L. 0188
12.1 L0303 L0236 JOK4e
20 L0900 LDB322 0544
30 L2064 .1100 . 1095

It will be observed that the two a0 not agree, the computed

value being consistently larger then thet observed. Plotting
observed versus computed, however, shows a surprisingly exact
linear relation between the two. rtitting this line by least

squares in the form: ‘ﬁ

a + A K. = .K 4

LD, T LD o

one obtains ﬁ
a= 0060 A o= L5014 :

and representing obtains the column ;K. *. The linesr fit thus
geems very good. The result is quitg Qnteresting. The slope

of the curve makes it aprear as though a factor of two had been
missed in tne exXpression for LKD5 checking however, shows no such
error apparent., The non-zero valus of & iz somewhat easler to
explain; to the author it seems that this must be the contribution
of the rotating band, which would be expected to act in just such

‘a.wey. . So it would appear that the slope of the §, M graph can

be fairly accurately predicted for s conical head, blunt-based
projectile by simply taking holf the theoretical KD i1imit and

adding a slight correction for rotating band. This lest would
have to Le determined for each varlance of band reluative to
caliber; heré tne rounds used from the pBRL had the same ratlo,
and apparently the Dritlsi shells were not too dissimilar.

A guess might be made as to the )\ vailue differing from unity.
Tacitly the assumption was made that in the limit the base con-
tribution fell out, i.e., vanished as something less than M7,

I1f, however, the value fell off directly as M*, an additional

term should enter. Some evicence that this is the case cun he

obtained vy computing LKU for a projectile similar to the 9¢53
o

case except thut it has & boat-teil. The value comes out to be
LKD = .0158; which 1s lower yet than for the square based shell.
o

»

il .
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This points strongly et the already too palnfully obvious fact
that conditions at the Lase cre too unknown, that not only
nuwaerical data but a physical understanding of tne conditions
thiere 1s one of the most pressing vallistic problems.

mi/{“-ﬁw). '? ) v S‘ bot

Fichard N. Thomas
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TABLE I

G representaiion of Itandard Dpug Coefficients

1+ kpM® = ¢ o= o+ A M
type o« A
5° boat-tail  .¥575+.0077 L 1203+,0035
J, 7° boat-tell  .»520F.0047 L1Z71%.0027 M > 1.0
. both L Y548F L0044 . L271%.00%4
J. L8006 L2894 Mo» 1.0
J, L 30%4 V2207 My 1.0
75mm Mk TV L8780 +.0061  .1970+.0044
J, 2039 Miel LI 8177470429 « 24 4F.0069 M o> 1.0
7 poth . 8328%.1060 . 2349%.0035
J@ 9400 C 1404 M 1.0
J. 9295+, 0147 . 14744.0057 MOl
Iy L FORE+, 000 . 1249+.0008 M 1l.4

#* Since the J7 and J
bost-tail on 'J,, ot s

projectiles are the same except for a

is slightiy startling.

The same situation

is reflected in the drag {unctions as used; the two cross ut some
Physicaily this does act
makKe much sense, anu flom the experlmental polnts it would scem to

point and therealter J, is the lower.

pe just a reflection ol the grewt scatter

in J7.

_ al the nigh veloeity end
fhis 1l seen by obzerving the relative accuracy in the

determination of tn- constants a2 «nd b For J7~and JB’

PROPERTY OF U.S. ARMZ
STINFO BRANCH
BRL, APG, MD. 21003
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(t) hounds

Rd.

71z
T4
709
741
740
720

Tid

721
703
719

(1) Putting a straigot line thrn the origin and the above polnts:

(2) Pytting e straight line thru the above points and the points
of zero yaw with slope as well as lntercepl {ree:

with yaw
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JﬂLLﬂ
3"HE SHELL, TYPE 1918, FUZE B.D., MKV
RESISTANCE FUNCTION J- 6
iN
o
M

3.3" SHELL, TYPE 155
RESISTANCE FUNCTION J-2
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LLL-—LLU‘L_;.L /

SHELL,A.A.-3 MKIX - FUZE , MK TIT
RESISTANGE FUNGCTION J-3

SHELL,HE.-75MM,MK IV - FUZE P.D.,MKII
RESISTANCE FUNCTION J-4
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“23.3" COMSTEEL SHELL MKIL, FUZE P.D.MKY
RESISTANCE FUNCTION J-5

SHELL H.E - 75MM MKIV-FUZE,P.D.MKY
RE SISTANCE FUNCTION J-5
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STANDARD STREAMLINE PROJEGTILE
5/10 C.RH. 7£°/0.6 BOAT TAIL
RESISTANGE FUNGTION J-7

L Bea e Loy e %

| I .

STANDARD PROJECGTILE
5 10 C.RH. CYLINDRICAL BASE

RESISTANCE FUNCTION J-8
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